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 The electrical equipment industry in Indonesia is one of the factors that triggers economic growth. Labor 
productivity determines the success of project implementation. The non-optimal facility layout is one of the factors 
that triggers low labor productivity. The non-optimal facility layout affects the flow of information in the company. 
This study examines the problem of non-optimal office facility layout with TSP, ARC and ARD methods at PT. 
Duta Wijaya Elektrindo Engineering (PT. DWP). The method stated above can minimize the total distance 
traveled between office facilities so that work efficiency and workforce productivity may increase. The results of 
data processing indicate that the recommended office facility layout recommendations that are in accordance 
with the level of closeness between departments based on PST, ARC and ARD is the first recommendation. With 
reduced total distance traveled in the first layout of the proposed office facilities, the level of employee productivity 
and work efficiency will increase. The smallest total distance traveled on the proposed layout of the office facilities 
is 244.22 meters with a reduction of 36% from the initial conditions. 
 




The electrical equipment industry in 
Indonesia is one of the triggers for economic 
growth. The production of electricity supporting 
electricity equipment is directly proportional to 
the increasing demand for the national 
electricity (Kurangi Ketergantungan Impor 
Peralatan Listrik, Industri Substitusi Harus 
Didorong, 2017; Darmono, 2019). As the 
demand keeps increasing, it is logical that the 
competition between manufacturers is going to 
be incisive (Nurprihatin, Angely and Tannady, 
2019). This demand should be managed and 
fulfilled through a set of activities and requires 
internal coordination and continuous 
improvement (Andry, Tannady and Nurprihatin, 
2020; Gunawan et al., 2020) Hence, the 
company must do continuous improvement in 
all aspects to gain the achievement (Nurprihatin, 
Jayadi and Tannady, 2020). Furthermore, the 
business performance in the particular sector can 
reflect the economic structure (Christian et al., 
2021). 
There was an increase in export value and 
investment value from 2017 to 2018 in the 
electronics industry of US$ 0.3 billion and US$ 
5.05 billion. This is supported by an increase in 
the proportion of workers from 2016 to 2019 in 
the electrical equipment industry sector by 
41.67%. Expenditures for labor from 2014 to 
2017 in the electrical equipment industry sector 
increased by 40.51% or 2.646 billion rupiahs 
(Siregar, 2019; Badan Pusat Statistik, 2020a, 
2020b).  
Industrial growth needs to be supported 
by electricity infrastructure. An increase in the 
use of linear digital technology with a 2 to 3-fold 
increase in load capability in electrical 
substations. With this, Indonesia has the 
opportunity to build an electric panel industry to 
support the use of digital technology in 
encouraging industry 4.0 (Makmun, 2018).  
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Figure 1. Increase in Export Value and Investment in the Electronics Industry 
(Source: Siregar, 2019) 
 
  
Figure 2. Increase in the Proportion of the 
Workforce in the Electrical Equipment Industry 
(Source: Badan Pusat Statistik, 2020) 
Figure 3. Increased Expenditure on Labor in the 
Electrical Equipment Industry 
(Source: Badan Pusat Statistik, 2020) 
Labor productivity determines the success 
of project implementation. The increase in labor 
productivity is an indicator of achieving high 
competitiveness and driving national economic 
growth in the long term (International Labor 
Organization, 2016; Kementerian 
Ketenagakerjaan Republik Indonesia, 2016; 
Marlita, 2017). Work productivity is expected to 
be carried out effectively and efficiently to 
achieve the desired goals (Asnora, 2020; 
Karima, Khamim and Setiono, 2020). 
Low labor productivity can be triggered 
by various factors. Labor productivity in 
Indonesia is the second-lowest in ASEAN 
(Pransuamitra, 2019). Indonesia will experience 
a demographic bonus period in 2045 so it 
requires qualified human resources. In 2020, 
there are 185.34 million people of productive 
age (15 - 64 years) and it is projected to continue 
to grow to 318.96 million people by 2045 
(Anggit, 2019). Human resources with 
productive age can be an advantage by 
improving education and quality so that they can 
compete later. At that time, the dependency ratio 
for the population was 45.46; This means that 
every 100 people of productive age have 46 
people of unproductive age dependents. Labor 
productivity is expected to increase along with 
the quality of human resources that continues to 
be improved (Badan Pusat Statistik, 2018; 
Pransuamitra, 2019).  
The non-optimal facility layout is one of 
the factors that triggers low labor productivity. 
A good work environment will result in high 
labor productivity and vice versa. Modernizing 
processes and systematizing workflows in 
factories is one of the most effective ways to 
help companies achieve optimal efficiency 
(Chandra, 2019; Maulina, 2019). The layout of 
the facility has a huge impact on employee 
performance and positively affecting workforce 
productivity; proven by an increase in 
organizational performance of up to 15 percent 
(Franklin, 2019; HRnews, 2020). The change in 
the layout of office facilities creates a work 
environment that revitalizes communication, 
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higher productivity (Inamizu, 2015; Business 
Matters, 2020; Paljug, 2020). 
The non-optimal facility layout affects the 
flow of information in the company. The flow of 
information cannot flow properly to a non-
optimal facility layout which can affect working 
time and reduce labor productivity (Fajrilah, 
Aviasti and Nu’man, 2017; Putri, 2019). Delays 
and increases in production costs are caused by 
inadequate flow of information and material 
patterns as well as the relatively high movement 
of materials (Apple, 1990; Sofyan and 
Syarifuddin, 2015). A study discussed an effort 
to minimize cost in terms of logistics cost 
(Nurprihatin et al., 2021) considering the mode 
of transportation, and the capacity of each mode 
of transportation (Nurprihatin, Regina and 
Rembulan, 2021). 
There are various methods for optimizing 
the facility layout. BLOCPLAN and Analytical 
Hierarchy Process (AHP) methods are used to 
select the best alternative facility layout 
(Fajrilah, Aviasti and Nu’man, 2017; Daya, 
Sitania and Profita, 2018). A previous study has 
been conducted to minimize the travel distance 
(Nurprihatin, Octa, et al., 2019). Systematic 
layout planning is used to change the layout of 
the facility by minimizing the 
material/information flow distance to increase 
labor productivity and reduce costs (Muslim and 
Ilmaniati, 2018; Siahaan and Oktiarso, 2018; 
Lasut, Rottie and Kairupan, 2019). The 
Computerized Relative Allocation of Facilities 
Techniques (CRAFT) algorithm overcomes 
material flow barriers and improper operation 
resulting from ineffective facility layout designs 
(Maheswari and Firdauzy, 2015; Tahir, 
Syukriah and Baidhawi, 2015; Hidayat and 
Ariyono, 2017; Lekan, Kayode and Morenikeji, 
2017). The optimal facility layout can reduce the 
distance to ship goods using a heuristic search 
algorithm based on biological evolution 
mechanisms (Goldberg, 1989; Holland, 1992). 
The 5S method (Seiri, Seiton, Seiso, Seiketsu & 
Shitsuke) is used to get a tidier layout of the 
facility to improve the efficiency of material 
flow and workflow (Sofyan and Syarifuddin, 
2015; Putri and Ismanto, 2019). The integration 
of the four lean methods (tact-time design, 
channel balance, mobile design, and one-part 
flow) can significantly increase efficiency, 
reduce costs and improve more key performance 
indicators (Kovács, 2019). 
Priority Scale Table (PST), Activity 
Relationship Chart (ARC), and Activity 
Relationship Diagram (ARD) can determine the 
optimal facility layout by analyzing the level of 
linkages between facilities. The method above 
can minimize the total distance traveled by 
48.8% from the current condition in previous 
studies (Winarno, 2015; Hamdani, Herlina and 
Kurniawan, 2016; Safirtri et al., 2017). 
Transportation is one of a waste that should be 
eliminated or minimized (Tannady et al., 2019). 
If it is cannot be eliminated, it could be 
dangerous (Nurprihatin, Elnathan, et al., 2019) 
and make the company experiencing losses 
(Andiyan et al., 2021). 
This study examines the problem of non-
optimal office facility layout with PST, ARC, 
and ARD methods at PT. Duta Wijaya 
Elektrindo Engineering (PT. DWP). The method 
above is expected to minimize the distance 
between office facilities so that work efficiency 
and labor productivity increase. Furthermore, a 
work environment has a positive and significant 
effect to increase the work motivation of 
employees (Tannady, Erlyana and Nurprihatin, 
2019). The work environment is all the facilities 
and infrastructure used and felt by an employee 
when working, and this greatly affects work 




This research begins by identifying the 
data that needs to be processed to solve the 
problem as shown in Figure 4. The research data 
is divided into three types, namely business 
process flow, total distance traveled between 
departments, and initial condition office facility 
layout. The data that has been collected is then 
processed using methods based on theory (PST, 
ARC & ARD) assisted by computer software, 
namely Microsoft Excel and Visio. The research 
ends by providing conclusions and suggestions. 
The conclusion is to answer the formulation of 
the problem that is adjusted to the results 
obtained in the research and suggestions are 
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1. Analysis of the Relationship 
between Departments and PST
2. Determine the level of 
closeness to the ARC
3. Make a new proposed layout
4. Calculate the Total Mileage 
on the Proposed Layout
5. Comparing the Mileage of the 
Current Layout with the 
Proposal
 
Figure 4. Research Flow Chart 
(Source: Researcher, 2020) 
 
The object of this research is the layout of 
the office facilities of a low voltage electrical 
panel manufacturing company. Data collection 
is done is collecting primary data by making 
direct observations in the field. Direct interviews 
with company representatives were conducted to 
obtain primary data. 
 
2.1 Labor Productivity 
Productivity is the ability to get many 
benefits by producing optimal results (Siagian, 
2015; Aprilyanti, 2019). Labor productivity can 
be calculated by looking at the ratio of total 
output to hours worked (Irfan et al., 2020). In 
addition, labor productivity can be measured by 
the quantity of production or work done 
(Mangkunegara, 2009; Umar, 2018). 
 
2.2 Facility Layout 
Facility layout is the arrangement of each 
facility to perform a job such as producing 
products and providing services. Services are 
actions or performances that can be done by one 
party to another (Tannady, Nurprihatin and 
Hartono, 2018). Facility layout design, 
conceptualizes, designs, and realizes a system 
for making goods or services to optimize the 
relationship between operators, the flow of 
goods, information flow, and procedures needed 
to achieve business goals effectively, efficiently, 
economically, and safely (Apple, 1990). 
Designing an effective facility layout can 
significantly reduce the company's operational 
costs and can result in increased performance on 
the production line (Kovács and Kot, 2017). The 
cost is approximated by the distance between 
two points (Nurprihatin and Tannady, 2018). 
 
2.3 Information Flow 
Information flow is needed to convey 
messages to the organization both internally and 
externally. Information flow requires planning 
in the preparation of appropriate messages and 
strategic channels to convey messages 
accurately. This is done to introduce and explain 
something to the audience, achieving the 
expected targets, influencing the viewpoints and 
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Figure 5. Example of an Activity Relationship Chart 
(Source: Apple, 1990; Tompkins, White, Bozer, Thompkins, & White, 2010) 
 
2.4 Priority Scale Table 
The priority scale table is a table that 
describes the order of priority between 
departments/machines in a production line 
(Apple, 1990; Lasut, Rottie and Kairupan, 2019; 
Kebela et al., 2020) The objectives of making 
priority scale tables include minimizing costs, 
minimizing total distance traveled, and 
optimizing the layout (Apple, 1990). The base 
for making ARC and ARD is a priority scale 
table, so that which occupies the priority in the 
priority scale table must be closer to its location 
then followed by the next priority (Apple, 1990). 
 
2.5 Activity Relationship Chart (ARC) 
Activity Relationship Chart (ARC) is a 
technique used to analyze the level of 
relationship or linkage between each 
facility/department/activity (Apple, 1990). ARC 
uses several letter symbols such as a scale as a 
marker of the degree of closeness and several 
consecutive number symbols as a proxy for the 
use of the letter degree symbol (Apple, 1990; 
Wignjosoebroto, 2003; Kasilingam, 2011; 
Safirtri et al., 2017). Figure 5 shows that ARC 
can emphasize the closeness of the relationship 
between departments and their suitability 
(Apple, 1990; Tompkins, White and Bozer, 
2010). The explanation of the letter and number 
symbols in the application of the Activity 
Relationship Chart (ARC) method can be seen 
in Table 1 (Tompkins, White and Bozer, 2010; 
Hillier and Lieberman, 2015). 
 
Table 1. ARC Proximity Symbol 
Value Closeness Code Reason 
A Absolutely 
Necessary 




2 Frequency of 
Use Medium 







U Unimportant 5 Information 
Flow Medium 
X Undesirable 6 Information 
Flow Low 
(Source: Hillier & Lieberman, 2010; Tompkins 
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In determining the number of 
relationships between facilities, equation (1) is 
the formula used (Tompkins, White and Bozer, 
2010): 
 






n = Number of Facilities/Departments 
N = Number of connections between facilities 
 
After knowing the number of 
relationships between facilities, Table 2 
provides information on the number of each 
proximity value that needs to be considered in 
designing the facility layout. (Tompkins, White 
and Bozer, 2010). 
 
Table 2. Weight of ARC Value 
Value Weight of Value 
A 5% of N 
E 10% of N 
I 15% f N 
O 25% of N 
U Remaining % of N 
X Remaining % of N 
(Source: Tompkins et al., 2010) 
 
2.6 Activity Relationship Diagram (ARD) 
Activity Relationship Diagram (ARD) is 
made based on the priority scale and ARC. ARD 
is the basis for planning the relationship between 
material flow patterns and the departments 
associated with the activities carried out (Apple, 
1990; Wignjosoebroto, 2003; Muther and Hales, 
2015; Assiddiqi, 2016; Rosyidi, 2018). Several 
things that must be considered in making ARD, 
among others (Apple, 1990; Wignjosoebroto, 
2003; Muther and Hales, 2015; Stephens and 
Matthew P. Stephens, 2019): 
1. ARD is composed of several squares with a 
degree of closeness to form a good 
arrangement. 
2. The degree of proximity that has been 
determined must be considered in terms of 
laying out the various existing facilities, for 
example: 
a. The degree of proximity A, means that the 
facilities must be right next to each other. 
b. The degree of proximity E means that the 
maximum distance between facilities is 1 
square. 
c. The degree of proximity I means that the 
maximum distance between facilities is 2 
boxes, etc. 
3. ARD line drawing rules: 
Degree A: 4 red lines. 
Degree E: 3 yellow lines. 
Degree I: 2 dark green lines. 
Degree O: 1 dark blue line. 
U degree: no mark. 
X degree: 1 brown ridged line. 
 






No. mesin dari skala 
prioritas outflow
No. mesin Nama mesin
Figure 6. ARD Form 
(Source: Wignjosoebroto, 2003) 
 
3. RESULTS AND DISCUSSION 
3.1 Business Process Flow 
A business process describes a collection 
of activities or stages that a company goes 
through from project start to completion. 
Through the flow of business processes, it can 
be seen which departments/divisions are very 
influential and interrelated in the continuity of 
the company. The business process flow is 




Overall, the company has 20 facilities 
which can be seen in Table 3. Referring to the 
business processes that have been described 
previously, only the leadership room up to 
QC/testing will be further reviewed. 
 
3.3 Layout of Office Facilities 
The land area owned by the company, 
amounting to 5,084,7015 m2.. Figure 8 shows the 
initial layout of the company. 
 
3.4 Initial Distance Traveled Between 
Related Departments 
The distance between departments can be 
seen in Table 4. Based on Table 4, can be seen 
that the total distance traveled between related 
departments at the company is 382.03 m. The 
displacement from the leader’s office is 117.32 
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34.59 m, the shift from marketing (estimator) is 
68 m, the shift from finance (cash out) is 11.29 
m, the shift from procurement is 35,68 m, 
displacement from the warehouse (component) 
is 99.14 m, displacement from production area 




















Figure 7. Business Process Flows 
(Source: Researcher, 2020) 
Table 3. Facilities at the Company 
Code Facilities 
A Leader’s office 
B Marketing (Sales) 
C Marketing (Estimator) 
D Finance (Cash Out) 
E Finance (Cash In) 
F Procurement 
G Warehouse (Component) 
H Production Area 
I PPC/PE 
J Engineering (Drafter) 
K QC/ Testing 
L HRD & GA 
M QMR 
N Meeting Room 
O Guest Area 
P Eating Area 
Q Musholla 
R Toilet 1 
S Toilet 2 
T Function Hall 
(Source: Researcher, 2020) 
 







A - C 24,9694 E 
A - B 54,8823 I 
A - D 23,0061 I 
A - E 14,465 I 
B - C 34,5902 E 
C - D 3,44 I 
C - E 22,0261 I 
C - J 42,5312 I 
D - F 11,29 I 
F - G 35,68 A 
G - H 34,125 E 
G - K 65,01668 I 
H - I 0 A 
H - K 0 A 
H - J 0 I 
I - J 9 E 
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Figure 8. The Initial Layout of the Company 
(Source: Researcher, 2020) 
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 I (2) E (1) I (2) I (2) O (3) U (4) U (4) U (3) U (4) U (4) 
Marketing 
(Sales) 
I (2)  E (1) O (3) O (3) O (3) U (4) U (4) O (3) U (4) U (4) 
Marketing 
(Estimator) 
E (1) E (1)  I (2) I (2) O (3) U (4) U (4) O (3) I (2) O (3) 
Finance 
(Cash Out) 
I (2) O (3) I (2)  O (3) I (2) U (4) U (4) O (3) O (3) U (4) 
Finance 
(Cash In) 
I (2) O (3) I (2) O (3)  U (3) U (4) U (4) U (3) U (4) U (4) 
Procurement O (3) O (3) O (3) I (2) U (3)  A (1) U (3) O (3) U (4) U (4) 
Warehouse 
(Component) 
U (4) U (4) U (4) U (4) U (4) A (1)  E (1) O (3) O (3) I (2) 
Production 
Area 
U (4) U (4) U (4) U (4) U (4) U (3) E (1)  A (1) I (2) A (1) 
PPC/PE U (3) O (3) O (3) O (3) U (3) O (3) O (3) A (1)  E (1) E (1) 
Engineering 
(Drafter) 
U (4) U (4) I (2) O (3) U (4) U (4) O (3) I (2) E (1)  E (1) 
QC/ Testing U (4) U (4) O (3) U (4) U (4) U (4) I (2) A (1) E (1) E (1)  
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3.5 Priority Scale Table 
The priority scale table in Table 5 shows 
the relationship between the leader's office, 
marketing (sales), marketing (estimator), 
finance (cash out), finance (cash-in), 
procurement, warehouse (components), 
production area, PPC/PE, engineering (drafter), 
and QC/testing. The determination of the 
priority scale is supported by reasons that are in 
accordance with the needs of the company and 
is also limited by existing provisions (see Table 
1 and Table 2). 
The following is an example of 
calculating the provisions for filling in the 
Priority Scale which will be applied to the 
Activity Relationship Chart: 








𝑁 =  55 
Description: 
n = Number of Facilities/Departments 
N = Number of connections between facilities 
 
Table 6. Weight of Value 
Value Weight of Value 
A 5% × 55 = 3 
E 10% × 55 = 6 
I 15% × 55 = 9 
O 25% × 55 = 14 
U & X 55 − 32 =23 
(Source: Researcher, 2020) 
 
Table 7. The Reason on the PST 
No. Reason 
1 Information Flow High 
2 Information Flow Medium 
3 Information Flow Low 
4 Unrelated One with Another 
(Source: Researcher, 2020) 
 
3.6 Activity Relationship Chart (ARC) 
The proximity relationship that has been 
processed in Table 5 is the base for making ARC 
which can be seen in Figure 9. The 
determination of the ARC is done by asking for 
consideration from the management represented 
by the company leadership. 
 
3.7 Activity Relationship Diagram (ARD) 
Data on the proximity relationship based 
on ARC is processed into ARD so that the layout 
of the proposed office facilities can be simulated 
by taking into account the proximity 
relationship. Figure 10 shows the ARD at the 
company. 
The results of the ARD can be applied as 
a reference in determining the layout of the 
proposed office facilities for the company 
because the related office/department facilities 
have been placed according to their proximity. 
 
3.8 Proposed Office Layout 
Based on the results of data processing in 
the previous stage, a proposed office facility 
layout is obtained that can be applied to 
minimize the distance between departments. 
Based on all the processing and aspects that are 
considered as well as existing limitations, 3 
proposed office facility layouts were obtained 
which could be a solution for the company to fix 
problems that existed in the layout of the initial 
office facilities at the company by minimizing 
the distance between related departments. 
Figures 11, 12, and 13 represent the three layouts 
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A. Leader s Office
B. Marketing (Sales)
C. Marketing (Estimator)
D. Finance (Cash Out)





I. PPC / PE
J. Engineering (Drafter)












































































































Figure 9. Activity Relationship Chart 




















(D) FINANCE (CASH OUT)
A, C, F













(K) QC / TESTING




(A) LEADER S OFFICE






A, B, C, I
A E I
O U X
(I) PPC / PE
H J , K








Figure 10. Activity Relationship Diagram 
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Figure 11. Layout of Proposed Office Facilities 1 
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Figure 12. Layout of Proposed Office Facilities 2 
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Figure 13. Layout of Proposed Office Facilities 3 
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3.9 Proposed Distance Traveled between 
Related Departments 
The following is a table for calculating the 
total distance traveled between related 
departments of the three proposed office facility 
layouts. 
 
Table 8. Calculation of Distance Traveled 






A - C 28,8879 E 
A - B 5,6761 I 
A - D 27,0929 I 
A - E 31,0479 I 
B - C 23,335 E 
C - D 9,175 I 
C - E 12,85 I 
C - J 36,4114 I 
D - F 32,1307 I 
F - G 10,1058 A 
G - H 0 E 
G - K 12,25 I 
H - I 0 A 
H - K 0 A 
H - J 0 I 
I - J 6,1886 E 




(Source: Researcher, 2020) 
 
Based on Table 8, the layout of the first 
proposed office facilities has a total distance 
traveled of 244.22 meters. The total distance 
traveled of the proposed office facility layout is 
smaller than the initial total distance traveled of 
382.03 meters. So, it can be concluded that the 
application of the PST, ARC, and ARD methods 
succeeded in reducing the total distance traveled 
by 36%. 
Based on Table 9, the proposed second 
office facility layout has a total distance traveled 
of 313.25 meters. The total distance traveled of 
the proposed second office facility layout is 
smaller than the initial total distance traveled of 
382.03 meters. So, it can be concluded that the 
application of the PST, ARC, and ARD methods 




Table 9. Calculation of Distance Traveled 






A - C 27,175 E 
A - B 23,375 I 
A - D 38,975 I 
A - E 33,835 I 
B - C 5,1 E 
C - D 9,85 I 
C - E 5,25 I 
C - J 34,85 I 
D - F 43,535 I 
F - G 0 A 
G - H 0 E 
G - K 75,725 I 
H - I 0 A 
H - K 0 A 
H - J 0 I 
I - J 6,3504 E 




(Source: Researcher, 2020) 
 
Table 10. Calculation of Distance Traveled 






A - C 20,6079 E 
A - B 20,5829 I 
A - D 3,7179 I 
A - E 8,0679 I 
B - C 7,7 E 
C - D 20,1052 I 
C - E 24,4996 I 
C - J 67,60094 I 
D - F 32,9408 I 
F - G 10,016 A 
G - H 0 E 
G - K 13,0897 I 
H - I 0 A 
H - K 0 A 
H - J 0 I 
I - J 7,1886 E 
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Based on Table 10, the third proposed 
office facility layout has a total distance traveled 
of 247.19 meters. The total distance traveled of 
the proposed third office facility layout is 
smaller than the initial total distance traveled of 
382.03 meters. So, it can be concluded that the 
application of the PST, ARC, and ARD methods 
succeeded in reducing the total distance traveled 
by 35%. 
According to the three proposed office 
facility layouts, the first proposal was chosen 
with a total distance traveled of 244.22 m with a 
decrease of 36% from the initial condition. With 
reduced distance traveled in the layout of the 
first proposed office facility, the level of 
employee productivity and work efficiency will 
increase (Arija and Perdhana, 2017; Padmantyo, 
Nursavilla and Ningsih, 2018; Putri and Djalil, 
2019; Pramana, 2020). 
 
4. CONCLUSION 
Based on the results of the analysis, it is 
concluded that the recommendation for the 
layout of the proposed office facilities according 
to the level of closeness between departments 
based on PST, ARC, and ARD is the first 
recommendation. With reduced distance 
traveled in the layout of the first proposed office 
facility, the level of employee productivity and 
work efficiency will increase. The smallest total 
distance traveled on the layout of the proposed 
office facilities is 244.22 meters with a reduction 
of 36% from the initial condition. 
Future research can take into account 
travel time, frequency of movement between 
departments, wages of workers, and costs of 
realization. Future research can also calculate 
the effect of the layout of office facilities on 
labor productivity and work efficiency so that it 
can be proven through a qualitative and/or 
quantitative approach. Finally, further research 
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